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INTRODUCTION 

Performance tes ts  of t w o  candidate LRV wheels a r e  being 
conducted a t  t h e  U .  S .  Army Engineer Waterways Experiment S t a t i o n  
(WES), Vicksburg, M i s s .  The r e s u l t s  of t h e  tests w i l l  be used t o  
select and, i f  necessary ,  improve t h e  wheel f o r  LRV use.  

The mobi l i ty  performance of an off- the-road v e h i c l e  i s  
dependent upon t h e  condi t ion  of t h e  s o i l  i n  which i t  i s  run and 
cannot  be r e l i a b l y  p red ic t ed  t h e o r e t i c a l l y .  Therefore, it i s  
mandatory t o  t e s t  wheels t o  e used on off- the-road v e h i c l e s  i n  
t h e  a c t u a l  s o i l  environment determine wheel performance. L 

The s o f t  s o i l  mobi l i ty  performance of a w h e e l  i s  charac- 
t e r i z e d  by i t s  drawbar p u l l ,  power e f f i c i e n c y  and s l i p .  
t o  determine these parameters,  are obta ined  by moving a wheel  
under a cons t an t  v e r t i c a l  load a c r o s s  a s o i l  t e s t  s e c t i o n  a t  a 
known l i n e a r  speed while d r i v i n g  t h e  wheel a t  a known angular  
v e l o c i t y .  
l i n e a r  v e l o c i t y  i s  t h e  wheel s l i p p a g e .  

The data 

The re la t ive r e l a t i o n s h i p  between angu la r  v e l o c i t y  and 

The w r i t e r ,  along w i t h  Messrs. A.  P .  V i c t o r s  of t h e  AC 
Electronics-Defense Research Laboratory and D. Schuring of Cornel1 
Aeronaut ica l  Laboratory w i t n e s s e d ,  on December 1 7  and 1 8 ,  t w o  
tests of t h e  candida te  wheel which u t i l i z e s  an unpressur ized  t i r e  
c o n s i s t i n g  of a l a y e r  of Armalon sandwiched between t w o  l a y e r s  of 
w i r e  mesh. The t i r e  i s  approximately 9 .00-14  i n  s i z e .  
tes ts  w e r e  conducted w i t h  t h e  same wheel loading  b u t  t h e  s o i l  con- 
d i t i o n s  w e r e  d i f f e r e n t  w i t h  each tes t .  The o the r  cand ida te  wheel  
i s  t h e  same s i z e  as t h e  sandwich wheel b u t  t h e  t i r e  c o n s i s t s  of  a 
s i n g l e  w i r e  mesh; it w a s  tested l a t e r .  The t e s t  program a t  WES 
r e q u i r e s  t h a t  each of t h e  t w o  wheels be tested a t  three load 
cond i t ions  and f o u r  s o i l  condi t ions .  

T h e  two 

TEST APPARATUS AND PROCEDURE 

The wheel t o  be tested was mounted on a c a r r i a g e  suspended 
f r o m  r a i l s  above a s o i l  b i n .  
wheel a c r o s s  t h e  tes t  s e c t i o n  of s o i l ,  dec reas ing  t h e  l i n e a r  speed 
(v)  of t h e  tes t  wheel f r o m  a given i n i t i a l  v e l o c i t y  t o  zero ,  whi le  

A tes t  c o n s i s t e d  of moving t h e  tes t  
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mainta in ing  t h e  angular  speed ( w )  cons tan t  wi th  t h e  app l i ed  
torque  (M). For t h e s e  t es t s  t h e  s l i p  (S)  ranged from -10% 
t o  +loo%. The c a r r i a g e  maintained a c o n s t a n t  v e r t i c a l  
load (w)  on t h e  t e s t  whee l  throughout t h e  test .  Measurements 

i s  a s k e t c h  of t h e  t e s t  apparatus .  
s*lere xade 95 drawbar pll (P) throughaut the  test. Figure 1 

The s o i l  used i n  t h e  tests,  Yuma sand,  w a s  thoroughly 
mixed t o  achieve  uniform condi t ions  throughout t h e  tes t  s e c t i o n .  
T h e  soil p r o p e r t i e s  were measured t o  a s c e r t a i n  t h e  s o i l  condi- 
t i o n s  and t o  a s s u r e  uniformity i n  t h e  t e s t  s e c t i o n .  

PERFORMANCE PARAMETERS 

Throughout t h e  t es t s ,  t h e  s i g n i f i c a n t  measured para- 
meters w e r e  recorded and a l s o  routed  t o  a f a c i l i t y  computer, 
which computed s l i p ,  p u l l  number, [ t h e  r a t i o  of  drawbar p u l l  t o  
t h e  load on t h e  wheel Pjw],  and o t h e r  s i g n i f i c a n t  tes t  r e s u l t s  
a s  i n d i c a t e d  i n  F igure  1. 
g e n e r a l  performance c h a r a c t e r i s t i c s  of t h e  t e s t e d  wheel. I n  
p a r t i c u l a r ,  t h e  p u l l  number, t h e  power e f f i c i e n c y  of  t h e  wheel, 
Pv/MU, and t h e  s l i p  provide a q u a n t i t a t i v e  measure of t h e  wheel ' s  
c a p a b i l i t y  f o r  n e g o t i a t i n g  s lopes ,  towing a load ,  a c c e l e r a t i n g ,  
etc.  

These  d a t a  a r e  used t o  e v a l u a t e  t h e  

D a t a  obtained from t h i s  type  of tes t  can be used t o  
p l o t  p u l l  number as a func t ion  of s l i p .  The curve i n  F igu re  2 
shows t h e  g e n e r a l  r e l a t i o n s h i p  between p u l l  number and s l i p  f o r  
t h e  type  wheels and s o i l  which were used i n  t h e  tests.  
d e s i r a b l e  f o r  a wheel t o  have a l a r g e  p u l l  number, low s l i p ,  and 
h igh  power e f f i c i e n c y .  

TEST RESULTS 

I t  i s  

For t h e  f i r s t  of t h e  t w o  tests wi tnessed ,  t h e  s o i l  w a s  
l o o s e  and had a mois ture  content  of 1.4%, maximum P/W was . 3 8 .  
I n  t h e  second t e s t ,  t h e  sand  w a s  packed t o  medium d e n s i t y ,  and 
had a mois ture  con ten t  of 1.4%; t h e  m a x i m u m  P/W w a s  0.54. This  
l a t t e r  r e s u l t  compared favorably wi th  maximum P/W r a t i o s  of 0.55 
and 0.51 achieved by a pneumatic t i r e  and t h e  Bendix LRV wheel 
r e s p e c t i v e l y  i n  tests conducted s e v e r a l  months ear l ie r  wi th  s i m -  
i l a r  s o i l  cond i t ions .  The pneumatic  t i r e  and Bendix wheel w e r e  
cons idered  by WES personnel  t o  have p u l l  numbers s a t i s f a c t o r y  for 
u s e  on an LRV. 

OBSERVATIONS 

The tests a t  WES a r e  conducted i n  a c a r e f u l ,  methodic 
manner. The d a t a  obtained should be a c c u r a t e  and r e l i a b l e  and 



BELLCOMM, INC. - 3 -  

most u s e f u l  i n  e v a l u a t i n g  candidate  LRV wheels. Based on opera-  
t i o n a l  exper ience  obta ined  f r o m  t h e  use  of Armalon i n  t h e  CM 
crew couches t h e  w r i t e r  suggested t o  M r .  A.  P.  Victors  t h a t  t he  
Armalon may pose a d u r a b i l i t y  problem. M r .  Victors  w a s  n o t  
aware of tne CM exper ience ,  and i n d i c a t e d  t h a t  he w i i i  c l o s e l y  
monitor t h e  performance of Armalon throughout t h e  d u r a b i l i t y  tests. 

CURRENT STATUS 

Pre l iminary  r e s u l t s  of t h e  tests conducted a t  WES i n d i -  
cate t h a t  t h e  maximum P/W of t h e  double w i r e  mesh-Armalon sand- 
wich wheel i s  approximately .54. During t h e  l a s t  test of  t h e  
sandwich wheel t h e  Armalon developed a c i r c u m f e r e n t i a l  tear approx- 
imate ly  one f o o t  long near  t h e  c e n t e r  of t h e  t r e a d .  The cause of 
t h e  tear i s  unknown. However, Armalon has  been d i sca rded  as 
inadequate  f o r  use  as a l i n e r  i n  t h e  LRV wheels. Nomex w i l l  be  
used as t h e  l i n e r  i n  t h e  d u r a b i l i t y  tes t .  Pre l iminary  d a t a  from 
WES i n d i c a t e s  t h a t  t h e  s i n g l e  w i r e ,  mesh wheel picked up a large 
amount of  sand. The e f f e c t  of  t h i s  has  n o t  been assessed .  

I n  t r ac t ion  t e s t s  a t  General Motors, Cleveland, Ohio, 
t h e  s i n g l e  mesh w i r e  wheel achieved a maximum P/W of .56. The 
sandwich wheel has  been s e n t  t o  GM f o r  f u r t h e r  t r a c t i o n  t e s t i n g .  
On completion of t h e  t r a c t i o n  tests a t  GM t h e  wheels w i l l  be 
shipped t o  t h e  AC Electronics-Defense Research Labora to r i e s  a t  
Santa  Barbara,  C a l i f .  where t hey  w i l l  be t e s t e d  f o r  d u r a b i l i t y .  

2 0 32 - J D R -  t l a  

Attachments 
F igu res  1 & 2 



COMPUTER 

R e a -  V TEST DATA (W, Re,P,M, o, V ,..... 1 e 

CARRIAGE DRIVE PULLEY 

- - 
TEST WHEEL 

LOAD 

TEST CARRIAGE 

SOIL 

Re 

Re = EFFECTIVE RADIUS OF WHEEL 

W = LOAD ON WHEEL 

V = CARRIAGE SPEED 

a= ANGULAR VELOCITY OF TEST WHEEL 

s =  SLIP 

P = DRAWBAR PULL 

M = TORQUE AT WHEEL AXLE 

FIGURE 1 -WHEEL PERFORMANCE TESTING 



+ 1.0 

0 

-100 % 

- 1.0 

SELF PROPELLED POINT 

+ 100 % 

FIGURE 2 - TYPICAL PERFORMANCE CURVE FOR LRV WHEEL IN SAND 
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